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TERMINAL DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

The present application 1s a bypass continuation of inter-
national application PCT Application No. PCT/JP2013/
076017 filed on Sep. 26, 2013, entitled “TERMINAL
DEVICE”, which claims the benefit of Japanese Application
No. 2012-214573, filed on Sep. 27, 2012, entitled “TER-
MINAL DEVICE”. The disclosure of the above applications

are each incorporated herein by reference.

FIELD

An embodiment of the present disclosure relates to a
terminal device. For example, 1t relates to a mobile-type
terminal device such as a mobile phone.

BACKGROUND

Conventionally, there has been known a device config-
ured to release a lock by means of a face recognition.

For example, in one authentication system, a mobile
phone includes a storage unit configured to store in advance
authentication information related to a face 1mage of a user,
a housing state monitoring unit configured to detect a
predetermined state of the mobile phone, an application
monitoring unit, and an acquiring unit configured to acquire
a Tace 1mage of a user, without notifying a user, by using a
detection of the predetermined state as a trigger. This mobile
phone further includes a determination unit configured to
compare an obtained face image and the authentication
information stored 1n the storage unit and determine whether
or not the face image and the authentication information
match, and a function control unit configured to release a
lock of a predetermined application prior to the determina-
tion performed by the determination unit, maintain the

released state when determined that the face image and the
authentication information match, and otherwise lock a

predetermined function.

SUMMARY

A terminal device 1n one embodiment includes a display,
an 1mage processing unit configured to compare a face
image of a user and a registered 1mage, which 1s a face image
of a normal user, and detect a line of sight of the user from
the face 1mage of the user, and a control unit configured to,
when the comparison between the face image of the user and
the registered 1image matches except for the line of sight,
determine that an authentication of the user 1s successiul,
and start an application corresponding to a direction of the
line of sight of the user, or display a pre-set screen on the
display.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 represents a configuration of a terminal device of
an embodiment.

FIG. 2 represents an example of a face image of a user.

FIG. 3 represents an example of starting of an application
by means of a line of sight of a user.

FIG. 4 1s a flowchart representing a procedure of a
lock-releasing and application-starting operation performed
by a terminal device of a first embodiment.
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FIG. 5 1s a flowchart representing a procedure of a
lock-releasing and application-starting operation performed
by a terminal device of a modified example of the first
embodiment.

FIG. 6 1s a flowchart representing a procedure of a
lock-releasing and application-starting operation performed
by a terminal device of the second embodiment.

DETAILED DESCRIPTION

In the {following paragraphs, embodiments will be
described with reference to the drawings.

When a user of a terminal device would like to start an
E-mail application or a browser application after releasing a
lock, an operation such as selecting an application through
a touch panel was required. Therefore, the user could not
operate a desired application immediately after the release of
the lock. Hence, the terminal device 1s required which 1s
capable of starting an application desired by the user without
having the user to perform a cumbersome operation after
releasing a lock by means of a face recognition.

First Embodiment

FIG. 1 represents a configuration of a terminal device of
the embodiment.

Retferring to FIG. 1, this terminal device 1 1s a mobile-
type terminal device such as a mobile phone. Terminal
device 1 includes an antenna 9, a wireless communication
module 11, a camera 7, an operation mput module 5, a
registered 1mage storage module 3, an 1mage processing
module 2, a control module 4, a display 6, and a timer 8.

Wireless communication module 11 can transmit and
receive data, control signals, and the like to and from a
wireless base station through antenna 9.

Camera 7 can capture a face image of a user.

Operation 1nput module 3 can be constituted of a touch
panel and recetves an operation mput from a user.

Display 6 can be a liquid crystal display and can display
one or more selection 1tems for selection of an application.

Registered image storage module 3 can store a registered
image which 1s a face image of a normal user.

Timer 8 can provided to manage whether an authentica-
tion of a user 1s successiully performed within a limited time
period.

Image processing module 2 can compare a face image of
a user captured by camera 7 and a registered image stored 1n
registered 1mage storage module 3 at parts except for both
eyes representing a line of sight.

FIG. 2 represents an example of a face image of a user. In
the face 1image of a user, since both eye regions 10a, 1056
include pupils representing a line of sight and regions
receiving a retlected light, the comparison can be made
whether or not the parts except for the both eye regions
match with the registered image.

When the comparison matches, image processing module
2 can detect a line of sight of the user from the face 1mage
of the user.

When the comparison between the face image of the user
and the registered 1mage matches at parts except for both
eyes representing the line of sight, control module 4 can
determine that an authentication of the user 1s successiul,
and can release a locked state 1n which a reception of an
operation mput of a user from operation input module 5 1s
rejected.

When the authentication of a user 1s successful, control
module 4 can start an application corresponding to a direc-



US 9,801,068 B2

3

tion of a detected line of sight of the user, or can display a
pre-set screen on display 6. More specifically, control mod-
ule 4 can start an application corresponding to the selection
item displayed 1n the direction of the detected line of sight
of the user. When no selection 1tem 1s present in the direction
of the detected line of sight of the user, control module 4 can
display a pre-set screen (for example, a standby screen) on
display 6.

FI1G. 3 represents an example of an example of starting of
an application by means of a line of sight of a user.

After a successful authentication of a user, since a selec-
tion item ol an application for conducting a search 1s
displayed 1n the direction of the line of sight of the user, a
search can be conducted.

FIG. 4 1s a flowchart representing a procedure of a
lock-releasing and application-starting operation performed
by the terminal device of the first embodiment.

Referring to FIG. 4, when a user presses down a power
button (YES 1n step S101), control module 4 can start timer

8 (step S102). The pressing down of the power button can be
used as a trigger because 1t 1s assumed that a user firstly turns
on display 6, which 1s 1n the off-state, when the user would
use the terminal device. Therefore, depending on a terminal
device, timer 8 may be started with pressing down of other
hard key, not limited to the power button, as a trigger.
Moreover, display 6 may be turned on and timer 8 may be
started with an event or an interruption processing, such as
an alarm or an incoming call, as a trigger. In that case, timer
8 may be configured so as not to be over a time limit until
the event or interruption processing 1s completed.

Image processing module 2 can compare whether or not
a face 1mage of a user captured by camera 7 and a registered
image stored 1n registered 1image storage module 3 (1n other
words, a face 1image of a normal user) match at parts except
for both eyes representing a line of sight (step S103).

When the comparison result matches (YES 1n step S104),
control module 4 can determine that the user authentication
1s successiul, and can release a lock which rejects reception
of an operation mput of a user (step S105).

Further, image processing module 2 can detect a direction
of a line of sight of a user from a face 1mage of the user
captured by camera 7 (step S106).

When a selection item of an application displayed on
display 6 1s present 1n the direction of the line of sight of the
user (YES 1 step S107), control module 4 can start the
application corresponding to the selection item which 1s
present in the direction of the line of sight of the user (step
S108).

When a selection item of an application displayed on
display 6 1s not present 1n the direction of the line of sight
of the user (NO 1n step S107), control module 4 can display
a standby screen (step S109).

On the other hand, after timer 8 1s started (step S102),
when the comparison result does not match (NO in step
S5104), and a time limit of timer 8 1s over (YES 1n step S110),
control module 4 can display a failure of the user authenti-
cation on display 6, and can turn off the power (step S111).
It 1s not all necessary to display the failure of the user
authentication.

As described above, according to the present embodi-
ment, after a lock 1s released by means of a face recognition,
an application displayed 1n a direction of a line of sight of
a user can be started. Therefore, an application desired by a
user can be started without having the user to perform a
cumbersome operation.

In the procedure of the lock-releasing and application-
starting operation shown 1n the flowchart of FI1G. 4, when the
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comparison result matches i step S104, control module 4
can determine that the user authentication 1s successtul, and

then can release the lock which rejects reception of an
operation 1nput of a user (step S105). In place of this, when
the comparison result matches 1n step S104, control module
4 may detect a direction of a line of sight of a user (step
S5106), and thereafter release a lock based on the comparison
result.

In other words, when a direction of a line of sight of a user
1s detected, and a selection 1item of an application displayed
on display 6 1s present 1n the direction of the line of sight of
the user, control module 4 may release a lock and start an
application corresponding to the selection item present in the
direction of the line of sight of the user. On the other hand,
when a selection item of an application displayed on display
6 1s not present 1n a direction of a line of sight of a user,
control module 4 may release a lock and display a standby
screen.

Moreover, 1n the flowchart of FIG. 4, after timer 8 1s
started (step S102), when the comparison result does not
match (NO 1n step S104), and a time limit 1s over at timer
8 (YES 1n step S110), control module 4 can turn oif the
power (step S111). However, for example, 1n preparation for
the case where the face recognition cannot be done well due
to a glass on a user or an ijury on a users face, the lock may
be released 1in another way by users setting. The another
method 1s, for example, a method 1n which control module
4 can request a user to enter a password on a password 1nput
screen displayed 1n accordance with tapping on a screen by
a user.

FIG. 5§ 1s a flowchart representing a procedure of the
lock-releasing and application-starting operation performed
by the terminal device of the first embodiment, taking into
account the another method described above.

As shown 1n FIG. §, when the comparison result does not
match (NO 1n step S104), control module 4 can detect
whether or not the screen 1s tapped. When the screen 1s
tapped (YES 1n step S301), control module 4 can display on
display 6 an input box for inputting a password. When the
password 1s 1nputted to the mput box (YES 1n step S302),
control module 4 can release a lock and display a standby
screen.

When the screen 1s not tapped (NO 1n step S301), and a
time limit 1s over at timer 8 (YES 1n step S110), control
module 4 can display on display 6 a failure of the user
authentication, and turn the power ofl (step S111).

In the example shown in FIG. 3, the operation of display-
ing a screen for mputting a password can be performed by
the tapping operation. However, the operation 1s not limited
to the tapping operation, and 1t may be other operation such
as a tlick operation or a double-tapping operation. Moreover,
when a user applies the setting of allowing releasing of a
lock not only by the face authentication but also by an 1nput
of a password, 1t may be set so that the time management 1s
not performed by timer 8.

Second Embodiment

In the second embodiment, registered images can be
prepared respectively for lines of sight of a normal user, and
an authentication of a user and a detection of a line of sight
can be performed by comparing these registered images with
a captured face image of a user.

Registered image storage module 3 can store a plurality of
registered 1mages. Each registered image can be a face
image of a normal user which 1s captured when a user directs
a line of sight to a corresponding selection item.
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Image processing module 2 can compare a face image of
a user captured by camera 7 and a plurality of registered
1mages.

When a comparison between a face image of a user and
one specific registered 1mage or any registered image
matches at parts except for both eyes, control module 4 can
determine that an authentication of a user 1s successtul, and
release the locked state in which reception of an operation
input of a user from operation mput module 5 1s rejected.

When the authentication of the user 1s successful, and a
comparison between a face image of a user and the regis-
tered 1mage including both eyes matches, control module 4
can start an application corresponding to a selection item
corresponding to the registered image. When an authentica-
tion of a user 1s successiul, and a registered image matching
with a face image of a user including both eyes in the
comparison 1s not present in registered 1image storage mod-
ule 3, control module 4 can display a pre-set screen (for
example, standby screen) on display 6.

FIG. 6 1s a flowchart representing a procedure of the
lock-releasing and application-starting operation performed
by the terminal device of the second embodiment.

Referring to FIG. 6, when a user presses down a power
button (YES 1n step S101), control module 4 can start timer
8 (step S102).

Image processing module 2 can compare whether or not
a face 1mage of a user captured by camera 7 and a registered
image #1 stored in registered image storage module 3 (in
other words, one of the plurality of faces 1mages of a normal
user) match at parts except for both eyes representing a line
of sight (step S203).

When the comparison result matches (YES 1n step S104),
control module 4 can determine that the user authentication
1s successiul, and release a lock which rejects reception of
an operation mput of a user (step S105).

Further, image processing module 2 can compare whether
or not the face image of the user captured by camera 7
matches with any one of the registered images #1 to #N
stored 1n registered 1mage storage module 3, including both
eyes (step S2006).

When the face image of the user matches with any of the
registered 1mages #1 to #N (YES 1n step S207), control
module 4 can start an application corresponding to a selec-
tion item corresponding to the matched registered image
(step S208).

When the face image of the user does not match with any
of the registered images #1 to #N (NO 1n step S207), control
module 4 can display a standby screen (step S109).

On the other hand, after timer 8 1s started (step S102),
when the comparison result does not match (NO 1n step
S104), and a time limit 1s over at timer 8 (YES 1n step S110),
control module 4 can display on display 6 a failure of the
user authentication, and turn the power off (step S111).

As described above, according to the present embodi-
ment, similarly to the first embodiment, after the lock 1s
released by means of the face recognition, an application
displayed 1n a direction of a line of sight of a user can be
started. Therefore, an application desired by a user can be
started without having the user perform a cumbersome
operation.

In the procedure of the lock-releasing and application-
starting operation shown 1n the tflowchart of FIG. 6, when the
comparison result matches in step S104, control module 4
can determine that the user authentication 1s successful, and
release the lock which rejects reception of the operation
input of the user (step S105). In place of this, when the
comparison result matches in step S104, control module 4
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6

may compare whether or not a face 1image of a user captured
by camera 7 matches with any of the registered 1mages #1
to #N stored 1n registered 1mage storage module 3, including
both eyes (step S206), and thereafter release the lock based
on the comparison result.

Moreover, according to the present embodiment, 1mage
processing module 2 can compare whether or not a face
image ol a user captured by camera 7 matches with a
registered 1mage #1 stored in registered i1mage storage
module 3 (in other words, any one of the plurality of face
images ol a normal user) at parts except for both eyes
representing a line of sight (step S104), and thereaiter can
compare whether or not the face image of the user captured
by camera 7 matches with any of the registered 1mages #1
to #N stored i registered 1mage storage module 3 (step
S5206). In place of this, image processing module 2 may
compare at once whether or not the face 1image of the user
captured by camera 7 matches with any of registered images
#1 to #N stored in registered image storage module 3,
including both eyes, and control module 4 may release a
lock, and start an application or display a standby screen.

Modified Example

The present disclosure 1s not limited to the embodiments
described above. For example, the following modified
examples may be included.

(1) Standby Screen

In the embodiments, when no selection 1tem of an appli-
cation 1s present 1n a direction of a line of sight, a standby
screen can be displayed. However, the present disclosure 1s
not limited to 1t. For example, when a selection item of an
application 1s not present 1n a direction of a line of sight of
a user, and the direction of the line of sight of the user 1s at
a center of the display screen, the standby screen may be
displayed.

(2) Terminal Device

The present disclosure 1s applied not only to the mobile-
type terminal device. For example, 1t can also be applied to
the user authentication by facing a face to a terminal device
arranged on a side of a door, or a selection of an application
for turning on an air conditioner or a light by a line of sight
or turning on a power of a personal computer. Moreover,
other than the applications, any functions such as turning on
a light of an LED or turning on a security buzzer, other than
the applications can be started.

The disclosed embodiments are by way of illustration 1n
all aspects and should not be taken by limitation. The scope
of the present disclosure 1s indicated by the appended claims
rather than the description above, and inclusion of the
meaning equivalent to the appended claims and all of the
modification within the scope of claims are intended.

The mmvention claimed 1s:
1. A terminal device comprising:
a display;
a memory that stores one or more registered face images;
and
at least one processor configured to
determine whether or not a face image ol a user,
acquired by a camera, matches at least one of the one
or more registered face images, wherein the acquired
face 1mage 1s determined to match the at least one
registered face image even when eyes 1n the acquired
face 1mage do not match eyes in the at least one
registered face image,
detect a line of sight of the user from the acquired face
image, and,
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when the acquired face image 1s determined to match

the at least one registered face 1mage,

determine that an authentication of the user i1s suc-
cessful, and

when the acquired face image matches the at least
one registered face image, except in the eyes,
release a locked state 1n which inputs of a user are
rejected, and,

when the acquired face image matches the at least
one registered face image, including in the eyes,
start an application corresponding to a direction of
the line of sight of the user, or display a pre-set
screen on the display.

2. The terminal device according to claim 1, wherein the
display 1s configured to display at least one application icon,
and wherein starting an application corresponding to the
direction of the line of sight of the user comprises starting an
application associated with an application icon at a position
on the display corresponding to the direction of the line of
s1ght.

3. The terminal device according to claim 2, wherein the
display 1s configured to display a plurality of application
icons, wherein the memory stores a plurality of registered
face 1images, and wherein each of the plurality of registered
face 1mages represents a face of a user who has directed a
line of sight to a corresponding one of the plurality of
application icons.

4. The terminal device according to claim 2, wherein, the
at least one processor, when no application icon 1s present at
the position corresponding to the direction of the line of
sight of the user, displays the pre-set screen on the display.

5. The terminal device according to claim 4, wherein the
pre-set screen includes a standby screen.

6. A terminal device comprising:

a display; and

a memory that stores a registered face 1mage;

at least one processor configured to

determine whether or not a face image of a user,
acquired by a camera, matches the registered face
image, wherein the acquired face image 1s deter-
mined to match the registered face image even when
eyes 1n the acquired face image do not match eyes in
the registered face 1mage,

detect a line of sight of the user from the acquired face
image, and,

when the acquired face image 1s determined to match
the registered face 1image,
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determine that an authentication of the user 1s suc-
cessful, and

start an application corresponding to a direction of
the line of sight of the user, or display a pre-set

screen on the display,
wherein the at least one processor 1s configured to, when
the acquired face image 1s determined to match the
registered face image and authentication of the user i1s
determined to be successful, release a locked state in

which iputs of a user are rejected,
wherein the display 1s configured to display at least one

application icon, and wherein starting an application

corresponding to the direction of the line of sight of the
user comprises starting an application associated with
an application 1con at a position on the display corre-
sponding to the direction of the line of sight,

wherein the display 1s configured to display a plurality of
application 1cons, wherein the memory stores a plural-
ity of registered face images, wherein each of the
plurality of registered face images represents a face of

a user who has directed a line of sight to a correspond-

ing one of the plurality of application i1cons, and

wherein the at least one processor 1s configured to,
when the acquired face image and one of the plurality
of registered face 1mages matches, including the eyes of
the acquired face image matching the eyes of the one
registered face 1mage, start an application associated
with the one of the plurality of application icons
corresponding to the one registered face image, and
wherein the at least one processor 1s configured to
when the acquired face image matches one of the
plurality of registered face images, except n the
eyes, release a locked state in which inputs of a user
are rejected, and,

when the acquired face image matches one of the

plurality of registered face images, including 1n the

eyes, start an application associated with the one of
the plurality of application i1cons corresponding to
the one registered face 1mage.

7. The terminal device according to claim 6, wherein, the
at least one processor, when no application 1con 1s present at
the position corresponding to the direction of the line of
sight of the user, displays the pre-set screen on the display.

8. The terminal device according to claim 7, wherein the
pre-set screen includes a standby screen.
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